BACKGROUND: Healthcare professionals have a duty to maintain basic life support (BLS) skills. This study aims to evaluate medical students' factual knowledge of BLS and the training they receive.
INTRODUCTION
Survival following cardiac arrest has significantly improved over the past nine years, although ischaemic heart disease remains a leading cause of death worldwide. [1, 2] Despite continued efforts to reduce cardiovascular risk factors in the general population, one of the strongest predictors of survival following cardiac arrest is immediate bystander cardiopulmonary resuscitation (CPR). [3] Bystander CPR doubles the odds of survival compared to no CPR. [4] All staff who work in a health care setting, both clinical and non-clinical, have a duty to maintain their BLS skills annually in the event of a cardiac arrest occurring in their workplace. [5] The UK Resuscitation Council and the General Medical Council (GMC) provide clear guidelines regarding the level of training required of medical graduates on graduation. In "Tomorrow's Doctors", the GMC states that clinicians should be able to provide basic first aid and CPR, and the UK Resuscitation Council agrees that this is an essential competency. [6] [7] [8] However, there is no requirement for medical students to attend annual BLS training, despite having regular contact with patients within hospitals and in the community.
Little is known about the preparedness of undergraduate medical students with respect to their ability to serve as rescuers in both in-hospital and out-of-hospital cardiac emergencies. Research at individual institutions across the world have identified that the factual knowledge of BLS amongst healthcare students and healthcare professionals is poor. [9] [10] [11] [12] No medical students achieved 100% in a survey on BLS by Almesned et al, [9] whilst Kila and Yockopua [10] found that only 44% of doctors in one institution knew the correct compression:ventilation ratio for CPR and only 33% could identify the correct rate of compressions. Authors could identify no studies in the literature assessing medical student factual knowledge of BLS on a national level within the UK. This study therefore aims to investigate medical students' factual knowledge and previous training in BLS, and to understand their perceived expectations of managing a cardiac arrest. This information may better inform medical education policy makers and regulatory bodies on the training needs of medical students.
METHODS
Ethical approval was granted by the Faculty of Health Sciences Research Ethics Committee (FREC) at the University of Bristol Faculty of Health Sciences for a cross-sectional observational closed response questionnaire of the first-and fourth-year students studying at UK medical schools. Further ethical approval was required and granted by the Faculty of Medicine and Health Research Office, School of Medicine Research Ethics Committee (SoMREC) at Leeds University for application MREC15-026. All participating institutions gave permission via year group coordinators and or ethics committee application for the study to take place. Eight medical schools refused permission or did not respond to contact from researchers and four medical schools failed to submit data within the given deadline.
Participants were recruited and data collected over a five-month period from October 2015 to February 2016 at UK medical schools. A non-random purposive sampling method was used. The first-and fourth-year students completing a medical undergraduate degree were included in this study. Students in their fourth-year of study who had undertaken an intercalated degree, research year, or a study break were not included. The year groups selected for sampling were to chosen to of the study prior to a year group lecture or year group tutorials when the data collection would take place. Paper surveys were placed on the desk where students were seated for their teaching. Consent to take part in the study was implied by the participant choosing to fill in a questionnaire. All data collected was anonymous and forms were placed into a blank collection box.
Participants who marked any year group outside of the study specifications (first or fourth year) met criteria for exclusion. Submissions that failed to mark an answer for a single question were excluded due to their questionnaires being deemed as incomplete. Students who selected two different answers were automatically marked as incorrect. A single survey was provided for each student present. Students were encouraged to take part to avoid non-response bias.
Once collected MCQ's were marked according to a master answer sheet referenced from the Adult Basic Life Support Manual produced by the Resuscitation Council (UK) 2015. As MCQ's were closed response there was no ambiguity in answers requiring a second opinion.
Statistical analysis was performed using Chisquared and Spearman's rank-order correlation. Statistical and graphical analysis was performed on IBM SPSS Statistics 25® software and Microsoft Excel 2013®. Descriptive statistics for data analysis included frequencies, percentage, 95% confi dence intervals, range and mean scores. Results were signifi cantly signifi cant if P<0.05.
RESULTS
Twenty-one of 33 UK medical schools successfully submitted data. Figure 1 shows the breakdown of responses. A total of 4,333 surveys were returned. Of the responses provided 3,732 met inclusion criteriaa 43% response rate. A greater number of responses were received from the first-year students compared to the fourth-year students (Table 1) . Furthermore, there was little difference between the two groups in terms of those that had completed training outside of the medical curriculum and the duration of this training.
As shown in Table 2 the fourth-year students scored signifi cantly more correct answers compared to the fi rstyear students in all MCQs except the identification of the depth of compressions during CPR (χ 2 [1, n=3,732] = 2.782, P=0.095). There was a small but significant difference between the number of the fi rst-year students who correctly answered all five MCQs compared with the fourth-year students (χ 2 [1, n=3 ,732] = 9.503, allow comparison of student groups at the beginning of their training and towards the end of their training. Fixed groups also allowed comparison of students at the beginning of their studies versus those who had had greater clinical experience. Furthermore the fourthyear students were chosen over those in their fifth-year to allow a greater number of institutions to take partsome medical schools offer only 4-year courses for postgraduate students and additionally the fi fth-year medical students often fly abroad for medical electives during their final year of studies. Participants were recruited during university lectures or tutorial teaching sessions. The estimated population of UK medical students studying in the fi rst-and fourth-year was 12,000. A 95% confidence level with a 2% margin of error required a minimum sample size of 2,001 respondents. With an estimated 50% response rate the minimum number of respondents invited to take part in the survey would be 4,002.
A structured closed-response paper survey was utilised with a total of ten questions. Questions regarding adult BLS knowledge were taken from the Adult Basic Life Support Manual produced by the Resuscitation Council (UK) 2015. The questionnaire complied with agreed survey based research recommendations (Good practice in the conduct and reporting of survey research [8] ) and avoided "double-barrelled" questions, questions containing double negatives, and leading or ambiguous questions.
The questionnaire collected information regarding the student's year of study; BLS training received during time at medical school, and fi ve MCQs on Adult BLS.
MCQ's assessed students' knowledge of the BLS algorithm including its sequence, number of compressions and ventilations delivered alongside the depth and rate of compressions in Adult BLS. Answers from two of MCQ's were combined during analysis to ascertain if students demonstrated knowledge of the correct ratio of compression to ventilations provided during BLS. The questionnaire also evaluated student beliefs on expectations of their ability to manage a cardiac arrest using BLS and if they desired more training in BLS as part of their undergraduate curriculum.
Questionnaires were trialled on a convenience sample of the third-year students at Bristol University. The trial demonstrated that the method of sampling and that the content of the questionnaires was both suitable and feasible with a high response rate.
Participants were recruited by announcing details World J Emerg Med, Vol 10, No 2, 2019 P=0.002). Overall only 10.3% (n=384, 95% CI 9.9% to 10.7%) of all students could achieve a perfect score and identify the correct answer to all 5 MCQ's. The mean score achieved by students from different institutions was varied with a range from 4.34 to 1.65 (Figure 2 ). The proportion of students achieving a perfect score varied widely with 54% of students at one medical school achieving a score of 5 out of 5 compared with only 2% at another.
Only 9% (n=146) of the fourth-year students had attended a course on an annual basis compared with 49% (n=765) who had only attended a single course. Thirty percent of those that had attended 4 courses answered all questions correctly compared with 13% (n=96) of those who had attended a single course.
There was a weak, positive correlation between number of courses attended and score achieved, which was statistically signifi cant (rs [1, 572] 
This study also found that 81% of students (n=3,031) wanted more BLS training in the medical school curriculum and 96% (n=3,575) believed there was an expectation for medical students to be able to manage an out-of-hospital cardiac arrest.
DISCUSSION
Basic life support is an essential skill for all healthcare personnel including medical students. We found that only 10% of all students who responded had a complete factual knowledge of the aspects of BLS assessed in Figure 2 . Differences between institutions. World J Emerg Med, Vol 10, No 2, 2019 this study and therefore they have an inadequate factual knowledge of BLS compared with requirements of other healthcare professionals despite the majority of students receiving training both within and outside the undergraduate curriculum. There was a very small difference between the proportions of students in the two groups that could answer all questions correctly despite the additional training and clinicial exposure the fourth-year students have received. We demonstrated a positive correlation between the number of courses the fourth-year students had attended and the score they achieved. This study suggests that a single training session is inadequate to maintain BLS knowledge throughout medical school. There is a large disparity in knowledge between different medical schools in the UK with a wide range of mean scores and proportion of students achieving high scores. Students believed that there was an expectation that they should be able to manage a cardiac arrest out of hospital and wished for more training in this area. We recommend that a new UK wide recommendation should be published that requires annual BLS training for medical students to improve the overall poor understanding of basic life support resuscitation. Whilst authors understand the weak level of evidence observational studies provide the importance of a large-scale UK wide set of data with significant fi ndings cannot be ignored.
A growing number of medical schools are moving away from a traditional curriculum in favour of earlier clinical attachments and early interaction with patients, both in hospital and in the community, as recommended by the GMC. [13] In our study the majority of UK medical students sampled felt there was an expectation they should be able to manage a cardiac arrest with BLS skills until advanced clinical help arrived. The UK Resuscitation Council states that staff in contact with patients receive at least annual training and updates in CPR. [5] Medical students, despite being in training, should be included within this requirement as they take an active role in healthcare teams both in hospital and in the community.
This study assessed factual knowledge of BLS and therefore cannot determine the ability or skills of students in delivery of BLS. However, Brown et al [14] demonstrated that accurate knowledge of CPR guidelines is associated with increased odds of correct performance in chest compression depth and compression to ventilation ratio.
McKenna and Glendon discovered that BLS trained individual's experienced 50% "skill-fade" 2 months after training. [15] Further studies of BLS training have shown only 2.4% of trained individuals can perform effective CPR 2 years following attendance of a course. [15] We found that 49% of the fourth-year students had attended a single BLS course therefore it is unlikely they could retain practical skills over the entirety of their studies.
Despite greater clinical exposure and three years additional study there was only a very small significant difference between the number of the fourth-year students who correctly answered all MCQs correctly compared to the first-year students. A similar BLS questionnaire study at a single institution in France identified that the level of study did not influence factual knowledge of BLS. [16] Our results demonstrated a statistically significant difference between the year groups sampled but in real terms this was a very small difference.
Research shows that the recommended compression rates are associated with the greatest survival to hospital discharge. [17] Over a third of the fourth-year students could not identify the correct rate of compressions and hence may fail to provide adequate CPR to an arrested patient according to UK Resuscitation Council Guidelines.
These data suggest a huge disparity in the standards of knowledge across different institutions in the UK and further research may identify effective methods of BLS training to target medical schools who performed poorly. We must address such wide differences in standards of knowledge by encouraging education collaboration between those that excel with the institutions which lag behind their rivals (54% vs. 2% of students answering all MCQ's correctly).
Authors acknowledge the limitations of this study and that fewer the fourth-year medical students took part in the study compared to the first-year students, which may result in a degree of response bias. This may have been further compounded by respondents with poor factual knowledge not wishing to participate in the study, as it may highlight weaknesses in their knowledge as a cumulative group. In addition, the study only collected data regarding two year groups for logistical reasons. This study assessed factual knowledge of the BLS algorithm and cannot therefore assess ability to deliver resuscitation skills. However, it is unlikely adequate skill level could be achieved without correct factual knowledge of the BLS guidelines.
Numerous publications have suggested that regular training should be delivered to medical students but current UK guidelines have yet to implement this World J Emerg Med, Vol 10, No 2, 2019 recommendation. [11, [18] [19] [20] This study has identified both a need and a desire for additional BLS training to be put in place for medical students on a regular basis in line with guidelines for other healthcare professionals. 
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